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FOREWORD 


This report was prepared by the Boeing Commercial Airplane Company, Renton, 
Washington, under Contract NASl-15025. It is the fourth quarterly technical 
progress report covering work performed between 19 April 1978 and 18 July 1978. 
The program is sponsored by the National Aeronautics and Space Administration, 
Langley Research Center (NASA-LRC). Dr. H. A. Leybold is the Project 
Manager for NASA-LRC. 


' The following Boeing personnel are principal contributors to the program 

during the reporting period: G. Ohgi, Design; R. Johnson, Structural 

( Analysis; M. Garvey, Manufacturing Specialist; D. Grant, Production Manager; 

L. D. Pritchett, Technical Operations Coordinator; and D. V. Chovil, Business 
^ Support Manager. 

( 



( 


( 


preceding page bdank not filme 


LA ’im Nor H tju c o. 



Boeing ComDerclal 
Airplane Company 
Contract NASl-15025 




* I '■ 
i 

■ h 

) 

» 

( 

' ( 

'( 



C' 

o 

o 

Q 


SUMMARY 

Activities related to development of an advanced composites stabilizer 
for the Boeing 737 commercial transport are reported. 

Activities include discussion of criteria and objectives, design loads, 
the fatigue spectrum definition to be used for all spectrum fatigue 
testing, fatigue analysis, manufacturing producibillty studies, the 
ancillary test program, quality assurance, and manufacturing development. 

The fatigue load sequence was developed similarly to the European standard 
spectra, TWIST and FALSTAFF* Selection of a base mission for spectrum 
definition was accomplished by reviewing the original 737 analyses, and 
the 10 years of service history since the 737 was introduced into service. 
Design is proceeding with detailed design of graphite/epoxy components. 
Producibillty studies on the rear spar/ lug interface test section have 
been completed, and include the spar detail bonding, machining, and 
drilling, and attachment of the titanium lugs. The program is progressing 
as scheduled. 
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SECTION 1.0 
INTRODUCTION 


The escalation of jet-fuel prices is causing a reassessment of technology 
concepts and trades used in designing and building commercial airplanes. 

The task is to incorporate fuel-saving concepts into commercial aircraft 
design. 

The potential weight savings and fuel reduction resulting from the use of 
advanced composites in aircraft structure, especially primary structure, 
are significant. However, the lark of technical confidence and cost data 
has delayed their use in commercial aircraft. 

Hardware programs conducted in a production environment are required to 
establish and demonstrate the safety, operating-life characteristics, and 
manufacturing cost of advanced composite primary structures. 

Boeing's approach to the problem is to obtain reliable production, technical, 
and cost data bases by the integrrtion of advanced conqposites technology 
development under NASA contracts, which, when combined with company effort, 
will accelerate the application of composites. This approach addresses 
these data bases, and develops realistic production costs in a commercial 
transport manufacturing environmerr. Program emphases are directed toward 
developing the Information needed to obtain an early production commitment 
decision by manageMnt, and will be conducted in a production environment* 

Preliminary developments, as covered in the first quarterly report, were 
devoted to conceiving, developing, and analysing alternative design 
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concepts 9 and the preparation of a technical plan to aid in selecting and 
evaluating material » identifying ancillary structural development test 
requirements 9 and defining full-scale ground-test and flight-test require- 
ments necessary to obtain FAA certification. 

The program was built on precontract design activities as well as contracted 
design activities that consider: 

• Program management and plans development 

• Establishing design criteria 

• Com epiiiai and preliminary design 

• Manufacturing process development 

• Material evaluation and selection 

• Verification test 

• Detail design 

• FAA approval plan definition 

This report describes work accomplished during the fourth 3-month period of 
the contract. Design activities include discussion of the design loads* 
the fatigue spectrum and analysis approach* design details* producibility 
studiaa* and the ancillary test program* These acCivitiaa ara daacribad 
under the headings: Design and Analysis* Development Test Plan and Status* 

and Operations Development. The overall schedule statue is suoMrised in 
Figure 1^1. 
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' SECTION 2.0 


' CESIUN AND ANAI.YSIS 

( 2.1 DESIGN LOADS CRITERIA AND AN ALYSIS 
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2.1.1 Criteria and Objertlveg 

Frelimlnary design criteria and objectives are being established for the 
advanced composites horizontal stabilizer. A preliminary lii>t of design 
criteria am! objectives for this program, which are presently being finalized, 
is presented in Reference 1. 

2.1.2 Design Loads 

The horizontal stabilizer will be substantiated for the highest loaded 
model 737 airplane. Requirements of Federal Aviation Regulations (FAR) and 
Boeing design specifications will be met. 

The three critical load cases that are presently being used for preliminary 
design are presented in Reference 1. Pressure loadings that are being used 
for local design and skin panel attactasents are presented in Reference 2. 

The fatigue spectrum definition to be used for all spectrum fatigue testing 
has been defined. The load sequence has been developed similarly to the 
European standard spectra TWIST and FAL8TAFF (References 3 and 4), in tihich 
flights of varying severity are applied with more and larger load peaks in 
severe flights than in lesser flints. 

Selectitm of e base mission for spectrum definition vaa aceompliehed by 
reviewing the original 737 fetigue enelysie, and the 10 ya«r8 of service 
history since the 737 was introduced inf' service. Existing fleet service 
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utilization data were investigated. This information indicated that pro- 
jected flights in 20 years will number approximately 50,000-^ for the median 
utilized aircraft. The average flight length of the median utilized aircraft 
is between 463 and 741 km (250 and 400 nmi). The 463-km (250-nmi) range 
was selected as the base mission, based on the fact that metallic fatigue 
damage per flight for the 737 spectrum has been shown to be constant between 
the 463- and 741-km (250- and 400-nmi) missions. 

The 463-km (250-nmi) flight profile defined in the existing 737 fatigue 
analysis consists of 24 segments, each with 1-g gust and maneuver loads. 

The total flight profile has been reviewed. The test flight profile was 
reduced to six major flight phases, defined as taxi, takeoff, climb, cruise, 
descent, and landing. The taxi, takeoff, and landing phase alternating 
loads are of a relatively small magnitude, so these phases are represented 
by single excursions of the 1-g load, plus the secondary cycle excursion. 
Significant alternating load activity exists during climb, cruise, and 
descent phases, so these test phases will contain an appropriate number of 
alternating load peaks about the 1-g load levels. The resulting general 
load sequence is shown in Figure 2-1. 



Figun 2- h Tmt Spectrum G$n0f9t Loading Sequanco 
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Prior to selecting the number and magnitude of alternating load peaks, the I 

i 

importance of small-cycle omission and large-cycle truncation was investi- 
gated. In previous graphi te/epoxy fatigue testing, Schutz and Gerharz - 

(Reference 5) used an omission level of 6% of ultimate as a baseline, and 
found that further omission resulted in life increase. Based on this, the 
omission levels were set at 6% of ultimate for maneuver, and 3% of ultimate 

I 

for gust. This resulted in an average of 10 maneuver and seven gust load 
cycles per test flight, or an average of 20 load cycles per test flight, 

including the secondary GAG cycles. j 

> 

Truncation load levels were examined in accordance with the standard spectrum 
TWIST (Reference 3), which truncates at the load level exceeded 10 times 
per lifetime. Schutz and Gerharz showed that truncation of the highest 

test spectrum loads to 90% had virtually no effect on the fatigue life of i 

graphi te/epoxy . | 

5 1 

Based on this, truncation levels were conservatively set at the load exceeded * ] 

five times per lifetime, which corresponds to approximately 90% of the load 1 

exceeded once in two lifetimes. Therefore, based on the previously defined ^ ’’ 

t I 

50,000 flights per lifetime, the test spectrum will be constructed from | • 

10,000-flight blocks. > 

i 

>■ . 

t 

Eight gust and eight maneuver alternating load levels were defined, resulting ! 

in the stepped exceedance curves shown in Figures 2-2 and 2-3. Table 2-1 i 

i 

lists the resulting occurrences of gust and maneuver Incremental loads to | 

be applied In one 10,000-fllght block. | 

k 

\ 

Many of the alternating loads contained In the test spectrum occur less j 

than once per flight, necessitating several test flight types with different 
severities and frequencies. Test flight severity levels were defined In a 
similar manner to those defined In TWIST, (Reference 3). Eight flight i 

I 

I 

I 

1 

I 
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Table 2- h Alternating Load Occurrence Summary 




Load cycle occurrences in 10,000 flighti 

Load 
' type 

Load 

level 

Climb 

Cruise 

Descent 

Total 

Gust 

VIII 

8,797 

40,548 

13,966 

63,311 


VII 

718 

3,955 

1,128 

5301 


VI 

87 

575 

138 

800 


V 

8 

74 

13 

95 


IV 

2 

18 

2 

22 


Hi 

1 

5 

1 

7 


II 

0 

2 

0 

2 


1 

0 

1 

0 

1 

Maneuver 

VIII 

11,040 

55,722 

14,896 

81,658 


VH 

2,152 

10,122 

2,699 

14,973 


VI 

426 

1375 

497 

2,798 


V 

85 

350 

92 

527 


IV 

17 

67 

17 

101 


III 

3 

12 

3 

18 


11 

1 

2 

1 

4 


1 

0 

1 

0 

1 


types were defined to produce an array in which each succeeding flight 
includes a larger load level. The resulting t tequency and cyclic load 
content of the eight flight types are shown in Table 2-'2. 

The distribution of gust and maneuver loads between climb, cruise, and 
descent test phases in oach test flight type was made to match the overall 
distribution for 10,^00 flights shown in Table 2-1. The resulting gust and 
maneuver load allocation for these three test phases is shown in Table 2-3. 
The sequence >f flight types in the 10,000-flight block will be controlled, 
to result xn a uniform distribution of flight types. 
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Table 2-2. Flight Type Definition 


Flight / 
type / 

Number of gust load cycles 
at 8 amplitude levels 

1 II 111 IV V VI VII VIII 

Number of maneuver load cycles 
at 8 amplitude levels 

1 II III IV V VI VII VIII 

Number 
of load 
points in 
one 
flight 

A 

1 

1 

1 


2 

6 

14 

112 

766 

1 

3 

5 

2 

7 

3 

2 

3 

1,866 

1 


1 

1 

2 

6 

10 

91 

655 


1 

3 

3 

7 

2 

2 

2 

1,578 

5 



1 

1 

2 

2 

39 

468 



2 

8 

7 

3 

1 

5 

1,084 

0 

14 




1 

1 

2 


166 




4 

12 

8 

6 

7 

448 

E 





1 

2 

4 

73 





6 

13 

10 

15 

252 

F 




i 


1 1 

3 

15 






3 

— 

8 

10 

86 

G 

/3,100 





1 


1 

6 


j 


i 



3 

8 

42 

H 








4 




i 




8 

30 




Number of flights in a 10,000-flight block 


2.2 DESIGIM STATUS 

The design effort is proceeding with the detailed design of all graphite/ 
epoxy components, consisting of ribs, spars, skin panels, and trailing-edge 
beams. Detailed design of interfacing nongraphite/epoxy components, such 
as the inboard gap covers, leading-edge ribs, and thermal expansion compensat- 
ing linkage, is also progressing as scheduled. 

2.2.1 Stabilizer Box Assembly Provision 

The stabilizer box will be assembled with titanium mechanical fasteners. 
Titanium Hi-Lok fasteners are used whenever possible, as these fasteners 
have lower Installation cost and weight than other competing fastener 
systems. These Hi-Lok fasteners will be used generally with corrosion 
resistant steel (cres) collars placed over cres washers. 


/ 
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Table 2-3. Alternating Load Allocation for Climb, Cruise, and Descent Test Phases 


Flight y 
type/ 

Climb gust 

Numucr of load cycles 
at 8 amplitude levels 
1 II III IV V VI VII VIII 

1 It 

>uise 

Yumb 
It 8 ai 
III 

gust 

ler of 
ifiplit 
IV 

load 
Lide ie 

V 

cycles 
*vels 
VI VII 

VIII 

I II 

Descent gust 

Slumber of load cycles 
at 8 amplitude levels 
III IV V VI VII VIII 

A 

1 

■ 

■ 

■ 

■ 

8 


14 

109 

B 


fl 

fl 

B 

9 

B 

489 





B 

3 



B 

1 

1 

■ 

1 

1 

B 

B 

B 

91 

B 


B 

0 

4 

6 

60 

419 





fl 

2 

20 

145 

c 

5 

1 

1 

■ 

1 

B 

B 

1 

65 

B 


B 

B 

B 

B 

28 



300 







8 

103 

0 

14 

1 

1 

1 


B 

fl 

B 

24 

B 


1 

B 

B 

B 

10 

j 

107 







B 

35 

E 

1 

■ 

■ 

1 

B 

B 

B 

8 

1 


fl 

1 

B 

0 

B 

51 









Vm 

1 

■ 

■ 

1 

1 

■ 

1 

2 

1 

1 

1 

1 

1 

fl 

B 


1 



I 



fl 

8 


1 

■ 

1 

■ 

1 

1 

I 

0 

1 

1 

1 

1 

1 

1 

fl 


1 



B 



fl 

1 


1 

■ 

■ 

1 

B 

B 

B 

1 

B 

B 

B 

fl 

B 

B 

B 


fl 



B 



1 

1 
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Titanium bolts, with CRES nuts or nutplates, will be used whenever internal 
access is limited for Hi~Lok installation tools. 

In assembling the stabilizer hoy ^ the front and rear spars will be joined 
initially to the ribs. Hi-Lok fasteners are generally used to join ribs to 
spars. 

The upper panel will be fitted to the substructure (spars and ribs), using 
shims where they are required for proper fit, and then fastener holes will 
be drilled to join the skin to the substructure. Next, the panel will be 
removed, and nutplates will be installed on the substructure where internal 
access to the stabilizer box is limited. 

The lower panel will be fitted next, shimmed, and installed with Hi-Lok 
fasteners . 

The upper panel is next refitted and installed with bolts. These bolts, 
located on the outboard three-fourths of the stabilizer, will be installed 
using nutplates. The remaining bolts on the Inboard aria will be installed 
with nuts and washers. Accessibility to these nuts will be provided through 
access holes in the spars and inboard closure rib. 

2.2.2 Stabilizer Box Access Provisio n 

Inspection and manufacturing access provision in the stabilizer box is 
‘^hown in Figure 2-4. 

The 5.08-cm (2-in) diameter holes on the spars are for visual Inspection of 
the interior only. The 10.16-cm (4-in) diameter access holes are used 
primarily for inspection, but they are also used for manufacturing access. 
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Figure 2-4. Access and Inspection Provision 


The large access holes provided on the inboard closure rib can be used for 
visual inspection of the structurally important details at the Inboard areas 
of the spars. 

The holes in the rear spar at the elevator balance panel bays are provided 
with covers, as indicated in Figure 2-4. These covers prevent the unregu- 
lated air pressure of the stabilizer box interior from disturbing elevator 
balance pressures in the balance bays. A covered Inspection hole is illus- 
trated in Figure 2-5. 

2.2.3 Corrosion Protection 

Corrosion protection will be provided to each aluminum component near 
graphite/epuxy structure, to minimize the possibility of galvanic corrosion. 
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Figure 2-5. Inspection Holes in Spars 
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The general concept is to isolate the graphite/epoxy near the aluminum by | 

careful application of finishes and coverings of the graphite/epoxy. \ 

I ' 

Aluminum components will be anodized or alodine treated, primed, and enameled. I 


The graphite/epoxy surface that interfaces with aluminum will be covered < \ 

with a ply ol fiberglass cocured with the graphite/ epoxy. j . 

* 

t 

All graphlte/epoxy surfaces near aluminum, Including cut edges not provided ' 

with cocured fiberglass ply, will be primed and enameled. An exception la ^ 

where Tedlar film can be applied to the graphite/ epoxy layup during cure. ! 

Tedlar film is preferred over primer and enamel on the graphite/epoxy eur- i 

faces near aluminum, because Tedlar is lighter, and the cost of application ' 

is less than that of paint. j 

I 

Aluminum components will be Joined to the graphite/epoxy with faying surface i 

sealant. Fasteners Joining aluminum and graphlte/epoxy will be installed 

with wet sealant. i 

I 

I 
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Where the aluminum component is a removable part, the faying surface sealant 
will not be used. Fastener hole and countersunk surfaces will be alodine- 
treated, primed, and enameled. 

Tlie corrosion protection system used is identical to that used on the 727 
advanced composites elevator, being developed under NASA Contract NASl-14952, 

2.2.4 Skin Panel Stiffener Runout Uetal l 

Panel stiffener inboard end runout detail has been changed as shown in 
Figure 2-6. 

The previous design required locating the ends of the stiffener plies 

precisely on the skin layup, to coordinate with the edge of the inboard 

closure rib flange. The new design does not have this requirement, as the ^ 

stiffener plies extend under the rib to the trimmed edge of the panel. 

., /) 

A concern over the possibility that the end-load transfer from the stiffener 
to the skin, combined with the bending load from air pressure, could Initiate 
stringer delamination contributed to the decision to change this detail. 

Filler plies will have to be added between the stiffener plies under the 

rib. The extended stiffener plies and the filler plies add 0.068 kg (0.15 lb) 

to each skin panel. ^ 

2.2.5 Rib Corner Detail 1 

The honeycomb rib design detail at the forward comers has been changed, es . 

♦ ) 

sho%m in Figure 2>7, to facilitate manufacture, baaed on experienced gained 

during fabrication of the verification hardware. The basic problem la that 

the graph Ite/epoxy material tends to "bunch-up" at the comers, resulting ^ 

in thicker than desirable laminate in these areas. This thickness creates 

fit-up problems at the front spar where flat, wall-matched interfaces are ) 

required. 

C) 
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2.2,6 Draw ing P repa ration 

The following drawings have been completed and released to Che production 
shops : 

63C17810 Rib Install .it ion - Stabilizer Station 83.50 

65C17811 Rib Installation - Stabilizer Station 111.10 

b3Cl78K Rib Installation ** Stabilizer Station 138.70 

63C17818 Rib Installation - Outboard Closure 

65C17825 Attach Angle - Inboard Closure Rib 

63C17847 Cap Cover and Seal Installation 

65C17860 Beam Installation - Trailing Edge 

65C17861 Beam Assembly - Trailing Edge 

69-6*5807 Tapered Filler 

69-69808 Attach Fitting - Inboard Closure Rib 

69-69809 Attach Fitting - Inboard Closure Rib 

69-69810 Attach Fitting - Inboard Closure Rib 

69-69811 Attach Fitting - Inboard Closure Rib 

69-69812 Attach Fitting - Inboard Closure Rib 

The following drawings are essentially complete. Final checking is being 
conducted prior to approval and release: 

63C17819 Rib - Inboard Closure 

65C1783) Front Spar Channel Assesd^ly 

63C17H32 Rib Installation - Leading Edge Station 56.01 

65C17833 Rib Installation - Leading Edge Station 86.66 

65C17834 Rib Installation - Uading Edge Station 69.93 

65C17837 Rib Installation - Leading Edge Station 78.29 

65C17841 Rear Spar Channel Aaacmhly 

6SC17845 Leading Edge Installation - Fixed 

65C17857 Bellcrank - Thensal Expansion Adjusting 
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2 . 3 AN ALYS IS 

An internal loads analysis is being performed to determine load levels in 
all oLemeiUs of the stabilizer. A finite element structural model, using 
the Boeing Ai’LAS program, is being used for this analysis. The structural 
box definition includes both skins, front and rear spars, inspar ribs, 
t ra i I ing-edge panels, and the elevator support ribs and hinge supports. 

Tile elevator is siihulated by a beam with the same effective bending stiffness. 
The struc:tLiral model is supported by flexible members, to simulate the 
stiffness of the stabilizer center section. This mounting procedure ensures 
correct distribution • i bending and shear between the front and rear spars. 

The finite element model will be ai.alyzed, and several resize iterations 
will be performed to refine the initial element sizing. All design load 
cases will be analyzed for a complete check after the model has been refined. 

The advanced composites stabilizer has been analyzed, and the internal 
loads have been generated by the ATLAS model. This information has been 
used to size the inboard portion of the stabilizer structure for the stub 
box test component- Examples of the ATLAS model internal loads and the 
resulting structural details are presented in Reference 6. 

During this reporting period, a thermal analysis for establishing the maximum 
test temperature was initiated. The overall thermal model used to describe 
the boundary conditions is presented in Figure 2-8. The conditions and the 
assumptions used for tiie steady-state condition are as follows: 

• Zero wind velocity 

• Effective sky temperature « -17^C (O^F) 

• Ambient air temperature * 45^C (113^F) (This value would not be 
exceeded 95 a of the time, based on a survey of worldwide airport 
conditions) 

• Asphalt temperature * 59°C (138^F) (Based on a recent worldwide 
survey conducted by Boeing) 
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Figure 2-8. 737 Horizontal Stabilizer Thermal Model 
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• Vertical tail is painted white (Solar absorptivity = 0.252 and 
infrared emissivity k, = 0.910) 

• Sun angle from the vertical was fixed at 15^ 

• Infrared emissivity of uiicoated graphite/epoxy interior surfaces 
.^^= 0.70 

The values of thermal conductivity and specific heat used in the program 
are presented in Table 2-4. These values have been taken from Reference 7. 


Table 2-4. Values of Thermal Conductivity and Specific Heat for 
Graphite/Epoxy Advanced Composites Laminate 


Physical 

quantity 

Units 

Value 

Thermal conductivity 

W/M-K 

15.00 

along the fiber 

Btu/hr-ft-®F 

8.67 

Thermal conductivity 

W/m-K 

1.50 

across the fiber 

Btu/hr-ft-^F 

0.87 

Specific heat 

Cal/gm*K 

0.25 


Value at 366 K (200° f ) 


The stringer and the skin panel used in the thermal model are shown in 
Figure 2-9. Those sections shown in Figure 2-9 represent the thickest 
gages that occur on the stabilizer skin panels. Thinner gages than those 
shown in Figure 2-9 were also analyzed; but the analysis results indicated 
that the thicker gages attained the higher temperatures in both the steady- 
state and transient cases. The steady-state temperatures for various light 
and dark colored paints are shown in Table 2-5. These results indicate 
that the maximum steady-state temperatures are highest with paint systems 
that have a high solar absorptivity and a low infrared emissivity. 
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Table 2-5. 737 Stabbizer Steady-State Temperatures 


Paint 

Surface 

Solar 

Infrared 

Top surface 

Bottom skin 

Stringer 

Stringer 

color 

texture 

absorptivity 

emissivity 

temperature 

temperature 

web 

flange 



Os 

f|R 

TiD^oS, 


TBI 

op 

T(10) 


Clean 

0.252 

0.910 

52.2 

55.0 

52.8 

52.8 

7067 




(126) 

(131) 

(127) 

(127) 

White 

Aged* 

0.265 

0.935 

52.2 

55.0 

52.8 

52.8 





1126) 

(131) 

(127) 

(127) 


Clean 

0.316 

0.920 

57.8 

56.7 

57.8 

57.2 

702 




(136) 

(134) 

(136) 

(135) 

White 

Aged 

0.323 

0.955 

57.2 

56.1 

57.2 

56.7 




(135) 

(133) 

(135) 

(134) 


Ct’ian 

0.560 

0.915 

74.4 

61.1 

73.9 

72.8 

707 




(166) 

(142) 

(165) 

(163) 

Grey 

Aged 

0.554 

0.945 

74.4 

61.1 

73.3 

72.8 




(166) 

(142) 

(164) 

(163) 


Clean 

0.742 

0.925 

86.1 

65.6 

85.0 

83.9 

7025 




(187) 

(150) 

(185) 

(183) 

Grey 

Aged 

0.727 

0.960 

82.2 

63.9 

81.7 

80.6 




(180) 

(147) 

(179) 

(177) 

5109 

Oean 

0.900 

0.720 

99.4 

71.1 

98.3 

96.7 

Blue 




(211) 

(160) 

(209) 

(206) 

701 

Qean 

0.950 

a680 

105.0 

73.9 

103.3 

101.7 

Black 




(221) 

(165) 

(218) 

(215) 


* Aging was simulated by surface roughening with sandpaper 


The conditions and assumptions used for the transient cases are defined as 
follows: 

• Four-min taxi run, with a constant telative wind velocity of 
33.8 km/hr (20 knots), followed by constant acceleration to 

321 km/hr (190 knots) in 1.2 min. This point has been selected 
as the earliest possible time that the aircraft could be sub- 
jected to high design loads. 

• The heat transfer coefficient as a function of velocity is shown 
in Figure 2-10. 
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Figure 2- 10. Heat Transfer Coefficient y$ Velocity for Transient Analysis 


Several transient thermal cases were analyzed, and the results were reviewed 
to determine the maximum temperatures that could be expected* Three of the 
most severe cases are presented in Figures 2-11 through 2-13. Results of a 
4-min taxi case for a gray, blue, and black painted surface are presented in 
Figures 2-11, 2-12, and 2-13. 
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Results of the transient thermal analysis are as follows; 

• The stringer inner flange (T 10) does not cool as rapidly as the 
skin 

• The paint system that attains the highest steady-state skin 
temperature also has the highest (T 10) stringer flange temperature 
at the end of the 1.2-min acceleration period 

• For the 4-min taxi case for the black painted surface, the maximum 
temperature of the stringer inner flange (T 10) is 77^C (170^F) 

Based on results of this thermal analysis, the coupons and the subcom- 
ponents in the ancillary test plan will be tested at 82°C (180 F) . This test 
temperature was selected because it was a representative maximum temperature 
to cover the worst case of a dark-colored paint system. 

The analysis task of establishing the stabilizer stiffness to meet stability/ 
control and flutter requirements is still proceeding. Figures 2-14 and 
2-15 present the most recent stiffness calculations, based on the stub box 
skin gages (Test No. 21). The bending stiffness (El) curves have been 
modified from previously published curves, to reflect a refined analysis 
that accounts for material effectivity due to stabilizer sweep-back and 
shear-lag. These curves also present a comparison between the buckled 
aluminum and advanced composites skins. This information is presently 
being evaluated by the Stability/Control and Flutter Technology groups. 


2.4 WEIGHT STATUS 


The stabilizer skin panel weight distribution has been reevaluated by 
utilizing the stub box gages. Test No. 21, as being representative of the 
production inboard section. Outboard of this stub box. Stabilizer Station 
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Figure 2-14. Stabilizer Bendirtg Stiffness 
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Figure 2~1 5. StebiUzer Tonionel Stiffness 
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138.70, the weight has been extrapolated using minimum gage. The evalua- 
tion results in an increase to the skin panel weights, and a stabilizer 
percentage weights savings decrease from 29% to 27%. See Table 2-t>. 

i’ite stabilizer mass pro’^ori ies for flutter and vibration analysis was 
i’undiu.ted using the above skin panel gages. 

bvaiuation of the stub box drawings is continuing, with completion. 
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SECTION 3.0 

DEVELOPMENT TEST PLAN AND STATUS 
3 . 1 ANCILLARY TEST PKOCRAIi 

During this reporting period, the following test programs have been defined, 
and the drawings have been released. The drawings are presented in Appendix A. 

• Test No. 10 - Skin Panels - Drawing 6^C17773 

• Test No. 20 - Sonic Box - Drawing 65C17792 

• Test No. 22 - Discontinuous Laminate - Drawing 65C17980 

• Test No. 24 - Pressurs/Shear Skin Rib Joint - Drawing 65C17981 

The ancillary test program has been revised to reflect the completion of 
the Test No. 10 drawings, and to include Test No. 22 and Test No. 24. The 
revised test program is presented in Figures 3-1 through 3-7. The production 
verification hardware test program (see Figure 3-6) has been assigned as 
Test No. 25. The ancillary test program schedule is shown in Figure 3-8. 

During this reporting period, 24 bolted joint specimens of Test No. 5 were 
tested. The test specimens are defined in Figures 3-9 and 3-10. The test 
results are presented in Tables 3-1 and 3-2. The net area stress and 
bearing stress that existed at the time of failure is plotted in Figures 3-11 
and 3-12. These test results show that design bearing stresses are signifi- 
cantly influenced by fastener spacing. This series of tests also included 
wet testing at room temperature. These specimens are presently undergoing 
moisture conditioning, and will be tested when the required moisture content 
has been attained. 
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Figure 3-1. Materia! AUov^abies Testmg— Mechanical Properties 
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Figure 3-3. Design Development Structural Element Test Plan (Cone!) 
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Figure 3-5. Design Development Test Stub Box 
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SPECIMEN DESCRIPTION 
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FigunJ^IOi 100% Load Tranafar Joint 




Figura39. dO% Load Trans far Joint 
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Table 3- 1. 50% Load Transfer Joint Test Results- Test No. 
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f/ffore 3- 12. Net Tension and Bearing Stresses at Failure 
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Results for the Test No. 1 bolted joint tests presented in Reference 6, 
and present results from Test No. 5, have been evaluated by comparing the 
louvl/mm (load/in) capability for the single- and multiple-width fastener 
Joints. ilie test results from Reference 6 are presented in Tables 3-J 
and 3-4, and these results are compared to the Test No. 5 results in 
Figures 3-13 and 3-14. The comparison of both the 100% and 50% load trans- 
ier joints indicates that the single-width iastener joint is a reasonable 
representation of a multiple-width fastener joint, for values of W/D where 
bearing failure is the primary mode of failure. 
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Table 3-4. 100% Load Transfer Joint Test Results— Test No. 
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SECTION 4.0 

^ OPERATIONS DEVELOPMENT 

( Tills section discusses results of the manufacturing producibility studies, 

ancillary test component fabrication and manufacturing, quality assurance 
^ development efforts, and verification hardware, 

I 4.1 PRODUCIBILITY STUDIES 

The producibility study on the rear spar/lug Interface test section has 
^ been completed. 


The previous quarterly reports described the detail fabrication and Verifilm 
process. This report includes the spar detail bonding, machining, and 
drilling, and attachment of the titanium lugs. 

The bonding was accomplished in two operations as detailed in Figure 4-1, 
During the first-stage bond, a layer of Verifilm was used between the 
caul plates and web flanges, to minimize friction, and ensure good mating 
of the bonding surfaces. The graphite/epoxy tape filler, applied to the 
radii of the webs, and the filler/cap details were cocured in the final 
stage. Envelope bagging was used for the final stage in order to avoid 
the need for a recessed tool to accommodate the filler previously bonded 
to the cap. 


( 



After bonding, the flanges of the spar were checked for flatness. It was 
determined that there was a downward bow up to 0.060 cm (0.024 in) in some 
areas of the flanges. This bow generally extended from the flange tip to 
about 1.52-1.78 cm (0.06-0.70 in) Inward. The bowing occurred as a result 
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Figure 4-1. Spar /Lug Feasibility Hardware, Showing the Bonding Operation for 
Details »td Filler /Cap 
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ot bonding the two webs together, because the web bond surfaces were concave 
in the chordwise direction prior to bonding. This bowing will cause no 
problem in the fabrication of the verification or production hardware. 

Dimensional measurements indicated that thickness can be controlled to 
drawing tolerances. ilie spar measured 2.9A1 cm (1.158 in) at tlie thickest 
[)t>int of the graphite/epoxy lug area. The feasibility spar was made in a 
temale aluminum tool with fixed legs. The verification and production 
hardware tooling will utilize a movable leg concept, to prevent the tool 
legs from compressing against the webs during cure-cycle cooling. This 
ti»oling concept is expected to reduce warpage in the chordwise direction. 

Machining of the graphite/epoxy lug area (Figure 4-2) was accomplished on a 
profile mill using a diamond cutter. The titanlum/graphi te/epoxy lug 
fastener holes were piloted using a carbide tip drill* The titanium lugs 
were then bonded to the graphite/epoxy using bolts through the pilot holes 
for pressure. Figures 4-3 and 4-4 Illustrate the polysulfide adhesive 
being applied. 

The final fastener hole size was obtained using a carbide tip drill and a 
carbide reamer. A boring hole and a carbides tool were used for the bushing 
holes. Figures 4-5 through 4-7 show the boring of the bushing holes. 

4 . 2 ANCJMLLARY Jf COMPONENT FABRICATION 

The ancillary test plan Includes allowables and environmental • concept 
verification, and repair* The following describes the fabrication status of 
each effort as of June 29, 1978. 
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Figure 4-2. Spar/Lug Feasibility Hardware, Showing Machining of Graphite/Epoxy Lugs 
Using a Profile Mill 



Figure 4-3 l Spar/Lug Feasibility Hardware, Showing Poiysulfide Adhesive Being Applied 
For Bonding Titanium Lug 
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4 • 2 • i M lov^rb 1 e s and Env j. i o nine n t a 1 

Tills pare of the ancillary test program includes material allowables (Test 
No. 1), meclianical joints (Test No. 5), and environmental specimens (Test 
No - 4 ) . 

The detail fabrication and assembly for the allowables (Test No. 1), mechani- 
cal joints (Test No. 5) and environmental specimens (Test No. 4) are complete. 

Specimens that were rejected because of tolerance problems related to 
fiberglass grip ta'^ bonding, prior to envelope bagging, were reworked 
rather than remade. Figure 4-8 shows typical reworked specimens. 



Figure 4-8. Ancillary Test Allowables, Showing Typical Reworked Specimens 
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4.2.2 C u..v e p t Ve r i f icat iqp 

Ihiii part of the ancillary test program includes spar chord crippling (ic-st 
Nu. /), skin-to-rih joints (Test Wo. 9), skin panel (Test Uo, 10), spar 
shear web (Test Wo. 11), spar lug (Test No. 12), sonic test box (Test 
IMo . 20), stub box (Test Wo. 21), discontinuous laminate critical strain 
(Test Wo. 22), skin-panei-to-rib joint (Test Wo. 24), production-verification 
(Test Wo. 25 ), and manufacturing feasibility spar test coupons (Test Wu. 20). 
The following describes the fabrication and assembly status: 

• Spar chord crippling (Test Wo. 7) 

Detail fabrication and assembly complete, (Figures 4-9 and 4-l0) . 

• Skin-to-rib joints (Test No. 9) 

Detail fabrication and assembly complete. 

• Skin panel (Test No. 10) 

Tool fabrication 30% complete. 

• Spar shear web (Test No, 11) 

Detail fabrication and assembly complete. 

• Spar lug (Test No. 12) 

Detail fabrication complete, Assembly 50% complete (Figures 4-11 
through 4-16). 

• Sonic test box (Test No. 20) 

In Tool and Production Planning. 

• Stub box (Test No. 21) 

Detail fabrication complete. Assembly 50% complete. 
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Fi^re 4- 1 1. Spar Lug (Test No. 12), Showing Specimens ready for Cure 


X / 1 



J, 





:• i ! 



( 




i 


I 

■i( 


' f- 

( 

( 

’ r 

■;( 

V [ 


( 




Boeing Coiranercial 
Airplane Company 
Contract NASl-15025 


ORIGINAL PAGE IS 
OP POOR QUALITY 



Figure 4-13. Spar Lug (Test No. 12), Showing Completed Detail Halves Bagged 
and Ready for Bonding 







Figure 444. Spar Lug (Test No. 12), Showing Trimmed Compreuion Specimen 
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Figure 4-15. Spar Lug (Test No. 12), Showing Trimmed Tension Specimen 
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• Discontinuous laminate critical strain (Test No. 22) 

In Tool and Production Planning. 

• Skin-panel-to-r ib joint (Test No. 24) 

In Tool and Production Planning. 

• Production-verification (Test No. 25) 

In Tool and Production Planning. 

• Manufacturing feasibility spar test coupons (Test No. 26) 

Planning complete. Test coupons and NDI rear spar standards 
being cut. 

4 . 3 QU ALITY ASSURANCE DEVELOPMENT 

This secti('n discusses the evaluation of the preliminary NDI standards, and 
the fabrication of the production NDI standards. 

The preliminary NDI standards have been completed. The NDI techniques 
evaluated were as follows: 

• X-ray 

• Through-Transmission Ultrasonic 

• Sondicator 

• Fokker Bond Tester 

Details of the preliminary investigation will be provided in a later report 
containing the production standards. In summary, all preliminary standard 
defects were detected by one or more NDI techniques. It is concluded that 
Through-Transmission Ultrasonic technique can be used to detect 0.64 x 0.64 cm 
(0.25 X 0.25 in) defects in arts. X-ray inspection is recommended for 
radii areas. Initial results indicate that in-service inspection can be 
conducted by the Sondicator and/or the Fokker Bond Tester for laminated 
structure, and by the Sondicator for honeycomb structure. 
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The production NDi standards are now being fabricated as Task III of Test 
iNu. 25, production-verification. The production NDI standards will include 
a section of tiic upper and lower skin panel, a section of two ribs (honeycomb 
and lamiiuite), and a section of the front spar. Preliminary tests Indicated 
that a section of the feasibility rear spar can be used for the rear spar 
production standard. 

4.4 VKK I K1 CATION HARDWARE 


The stub box (Test No. 21) is being used for the verification hardware. 

The stub box is a full-scale root section of the advanced composites 737 
horizontal stabilizer. It consists of the structural box from the side-of- 
body outboard to Station 152.45, including the tralling-edge structure and 
closure rib. 

During fabrication of the graphite/epoxy details for the verification 
hardware (stub box. Test No. 21) the following problems were encountered 
and resolved: 

• Rear Spar Fabrication 

Both details for the rear spar were rejected and scrapped because 
of bagging problems that caused the bag to fail during cure, in 
addition to excessive detail resin bleed-out. 

An investigation of the problem indicated the bag was bridged, 
wiiile the excessive resin bleed-out was caused by the numerous 
pleats at the end of the part. 

To ensure that these problems do not occur again, the following 
action was initiated: 

• The area supervisor and manufacturing shop support personnel 
will check all bags on complex parts to ensure they are not 
bridged. 
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• Vacuum bag sealant will be used around the end of the part 

as a dam to eliminate the resin bleed-out. This new process- 
ing procedure has been added to the Boeing Process Specifica- 
tion BAG 5562. 

• Rib Fabrication 

The verification ribs have been rejected because of build-ups in 
the corner areas. The drawing allows only overlap splices in the 
corner areas, and Manufacturing concluded they cannot guarantee a 
rib without this build-up. 

The verification rib build-ups will be removed by sanding, to 
eliminate any interference problems. However, the production 
ribs will require a design change. Engineering will revise the 
production drawings, to remove the corners and extend the joggle 
areas to obtain additional fastener edge margin lost from the 
removal of the corner. The build-up areas and the current produc- 
tion design change were shown in Section 2.0 (see Figure 2-7). 

• ”1” Stiffened Skin Panel Fabrication 

Excessive warpage and porosity problems were encountered with the 
verification stiffened skin panels. Both the upper and lower 
skin panels warped in excess of 1*40 cm (0.55 in). It took approx- 
imately 630 kg (1400 lb) pressure to bring the skin panels back 
into contour. It was concluded that unbalanced "I” stiffeners are 
large contributors to the warpage problem. Because warpage has 
been a major problem with graphite/epoxy, a Boeing-funded program 
on warpage has been Initiated. This program will use a structure 
similar to the "I'* stiffened panel for study purposes. 
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The upper '*1** stiffened skin panel was rejected and scrapped 
because of excess porosity on the tool surface. A review of the 
problem indicated that the single fiberglass yarn used per the 
spec if icat ion to evacuate the air was not sufficient. The specifi- 
cation lias been revised to allow additional fiberglass yarns as 
the area of the panel increases. In an effort to correlate the 
effect of porosity. Engineering will cut and tesr specimens from 
the scrapped panel. 

A second upper skin panel was fabricated, using additional fiber- 
glass yarns between the layup and edge breather, and the porosity 
problem was eliminated. However, the second upper skin panel did 
warp 1.40 cm (0.55 in) in the spanwise direction. 

Figures 4-17 through 4-26 show fabrication of the rear spar, front 
spar, and ”1** stiffened skin panel. 

All details have been fabricated and the sub box is presently being assembled. 

Figures 4-27 and 4-28 show the start of the stub box (Test Ho. 21) assembly. 
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Figure 4-26. Stub Box (Test No. 21) 'T' Stiffened Skin Panel, Showing Trimmed Part 




Boeing Conmiercial 


Airplane Company 
Contract NASl-15025 

Or F(_, 






^ •’ i * ^*k 


Figure 4-27. Stub Box (Test No. 21), Showing Dummy Front Spar with Aluminum Nose Ribs 


Figure 4-28. Stub Box (Test No. 21). Showing Alwninum Treiling-Edge Ribs md Fittings 
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APPENDIX A 
ENGINEERING DRAWINGS 
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